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ABSTRACT ♦ . 

Commonality analysis is a statisti 
within, the cohtext of a sturdy to examine school ef 
disadvantaged, students. The research investigated 
common contributions of .background^ mentaJL ability 
parental involvement variable sets to the reading 
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INTRODUCTION 



The ^ain purpoce of this paper is to explain commonali^ty analysis 
as a technique, its advantages and disadvantages, within the context of 
a study to examine ^school Jffects among disadvantaged students. The re- 

'./ . 

search attempted,Ho inve^stigate the unique and common contributions of 

^' / * • 

background, mental abiAity, program and parental involvement variable sets 

to' the reading vocabi/Lary -and comprehension of students participating in 

compensatory educati/on. ^ ^ - 



\ 



\ 
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-:/^The sample used in^this study incl uded 877 students in grades 4-6^ 

* ♦ 

enrolled in Title I re^medial or corrective reading programs in the state 

of Rhode island in'FY 1973-74 and or* w^iom there were appropriate grade , . 

level pre-test and post-test Gates-MacGinitie Reading Tests vocabulary 

^d cori^ehension scores 1 ^ - 

Dqt'a used in this study were collected as part of the usual Ilhode Island 
IVpartment of Education's Office of Compensatory ^Progrtuns . Throughout- the 
program year information was ^collected via four stabo reporting forms and <» 
the return rate was near 100 percent*. . . , 

Variables Included in the Study . • ^ \ 

/ ♦ 
The following variable sets were identified: 

Set 1: Background'^Variablcs 

1) Type of community « 

2) Sex . * ^ 

3) Ethnic Group ' ' • v 

4) Prior years in Title I reading programs • 

5) Type of school attended ~ ' - 

6) Number of times retained in a grade 

Set:r2: Mental Ability' Variables ' ^ 

1) TQ ' _ . 

2) Pxe-test reading scores \ 



Set 3: Prqg^ram V ariabl es 



1) Pupil-teacher ratio 

2) Per-pupil expenditure ^ / ' 

3) ' Length of project 

4) Number of days stlident was absent • * ' 

5) Minimum amount of individual instruction per student per week 
f)) Size of instructional gi;oap for students 

7) Number of childrea serviced per we<?/k ' • 

8) Amunt'of scb.oduled prepar/Uion t Ir.-^ per week with, regular 
teacher to discu'ss students 

^0 KHiether materaaL- were av<ulable. at eav'^K child's Instvuc^onal 



'10) VTliether materials were 'available on time for project start 

11) 'isTiether teachers selected materials 

12) Amount of time spent by teachers per wee'k develooping their 
' * o^^m materials 

13) Whether p^re-servioe or in-service tralhing activifeievS were 
• held for staff 

Set 4: Parental Involvement Variables ' . 

^ 1) How often parents were responsible for working with students 
at home 

2) l>/hethei: eacli parent was seen at least once during project year^ 

3) Whether Parents Advisory ComiTiittee made recommendations on 
* • expenditures of Title* I funds . ». ^ 

4) Ivliether Parents Advisory Committee participated in the , 
development of title I applix:atioris ^ 

5) - Whether Parents Advisory Committee reviewed Title I applicat|ons 

6) \^ethe*r Parents Advisory Committee made recoxnmendations on 
• ' improvement of Title I programs ^ ^ ^ ^ 

' 70 Iviiether Barents iVdvisory Committee participa-t5?d in Title J. 
' ° program evaluation 

• % 

Treatinent of the" Data, , . 



Commonality analysis (also called elements or oomponent analysis) 
-is a method of analyzing the variance of a dependent variables into common 
and unique :o identify the relvitive influenced of indef^ndent variables or 
sets of variables., 'It is an* attempt to un^er^tand the relative predictive 
power of the regressor variables, both. Individually and, combina.tion% 
llie squared multiple 'correlation is - broken up into elements assigned to^' 
each individual regressor or set and to .ec^ch possible combination of regres- 
sors or sets. The elements have the property that the appropiate Sums not 
onl^ add to squared muJLtiple corifelations with all regressors, but also 

e * 

'to the squared multiple correlation of any subset of variables in- • 

•• ■• 1 . ' ■ ■ '•• ■■■ ■■ 

eluding the simple correlations. . , - . ^ 

Mood (i^71) presentisd an examplo, using two sets of varlableSj of hou 
uniqiie and cx)mnon contributions ate found. 
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Table I 



"Let us suppose that the first m of the x's are intended 
to be indicators of and refer to them as t-he W set of 
x's;' let us 1"mp ail the othe'i*' n-m's /into'another sefc 
and refer'to it simply, as the Y set. .We are going to 
partition the variai^e attributable to the ''regression of 
A on the x's into three parts - rahte/ we shall use the 
multiple correlation instead of /the variance. We first 
calculate three regressions: . 



A on the W set of 
A an the Y set of x's only 
A on the whole eet'of *x*'s. 



x's only 
I « 



\ 



aud let us suppqse that the first removes 20'jr)ercent and 
f he raw variance of, A, the second removes 55 percent^ 
and the third reiroves«60 ^percent. Noxo' we divide the , 
60 iperrent removed by the whole Set (W Y) into three 



pel 
parts : 



t ^ 




a* part uniquely assc^sjiafed with W, 5% 
a part uniquely asso-clafeed with^, .40% 
a* part that -may ba' associated v/ith ' , 
either W ,or Y 15% 



The part uniquely associated with the W-aet is ca^lculat'ed 
by » subtracting the proportion removed b^ the ^"Tdt^il (W -h Y) 
Set. The reaaon for attributing this 5 percent uniquely 
to W is simply that the x's in the Y set removed 55 percent 
of Xhe 60 percent removed b^dffe total; on adding the W set 
to the Y set we remqve only an/ e^^pra 5 percent so .that, it 
is the part that must be. uniquely ass^p.ciated with W. 
Similarly, the- W set^ alone "removes 2p percent; on adding 
the Y set to it we remove only an additional 40 percent 
so that *it is' the part that. must be ^uniquely assqcriated 
with Y. * . 



W 



Unique to W 
-Unique to Y » ^ 
Common t^ W and Y 

V 

"Totals ^ 



5%* 
> 

-1.5% 
20%*- 



40%. 
1-5% • 
55% ' 



'Finally, the .part^thnt Mna>; bo assoriated with either V or 1 
is". calculated by subtrac t ipp, ..t.he two unique part-rf5 f rom ithe 
. uhorcr'^(60% - 57, V -'^0'^)': (^^^od, 1971, p. 194-195.^ 
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• . Advantages oC the Method . ^ ' ' 

The major sadvdntage of the technique is' that the .researcher can identify - 

both- t-he-unique and- •common contributions of the variablel.OT sets of vara.- 

ables to the variatfce of 'the dependent variable.- This capability, offers » 

distinct advantages over more-f requently used, traditional , 'types of analyses 

■ ' " L I ' 

lilce •ariaiysxs of ^ovariance or step-wise multiple regression* 

• * Elashoff (1969) has stated that analysis of covariance'. should be 

considered when the investigator believe'^^ that some outside variable will 

have a larga distorting effect on the results and when the assumptions of 

normality of-^data ancl random as signment of subjects to treatment are met. 

She- stated tlyat ANCOVA jLs widely used to '^adjust" criterion scores such as * 

achieveiT>ent for p^e effects of a covarlate such as ability in order to compare 

several treatments. However, in school effects studies like ^this one, as well 

a3 in other educational resear^^h , • the investigator may be more interested in 

looking at all effects- and contributions of vairfca bles than in controlling . 

'statisCically for the ^-Tfedt of a variable. • ^ 

Similarily step-wise multiple regression is an often used approach to 

* — _ » 

handling d^ta. .It does allow the researcher to identify the uniqtrer-ct>n,t-ri- 
bution of each variable, to the variance of the dependent variable by 
dete rmining the increase in explained variance by adding each variable to 
the regression e.quation. It is impossible , however to determine the joint 
OC common contributions of the sets or variables through- the use 'of step- 
wise multiple regression procedures. Often an investigator can gain insight 
into 4ciuc^it/Lonal models by looking at the predi(:tiv9 power variables share 

' • ' ' ^\ ' ' 

with -one another, ' \ ^ 

In addition to these benefits. Mood (1971) suggested that not only in- 
dividual variables but also sets of variables repfeseiyting some factor could 
be used- as indcpendcik varUbles ^n the analysis. _ y , • ^ 



D lsadvanteges 

Like any relatively new analysis technique, there 'are some 'problems 
and disadvantage's in using this, method. ^ 

Several areas o£ concern should be npted in relation to comnionality 
analysis^ The, first deals with the difficulties encountered in tesfing 
for significance. Mood (1971) stated that one could make the "^usual F 
test of significance for unique parts to determine whether additional 
re/ression terms have contributed significantly to the regression. 

7- ' ' . . . ' 

5ne cannot, however, test the coin--non p-arts for significance. This 
concern is not a major one here since this large sample study is mor0 
interested in unique and common contributions of the factors to the 
dependent variables than in statistical significance. 

A second concern with t^e interaction of sets of variables.. 

Tatsuoka (1973) stated' that the relationships between the joint contributions 
ot, sets^ 5>f variables should not be confused with the interaction of those 
*sets. However, if one were 'interested in the interaction, th^ product term 
method could be used. Ker linger" and Pedhazur (1973) cited an example in the 
two variable case. Assuming one had two variables, and X^, the values 
of these two indepei^ient variable.s could be multiplied over* 2tll cases to 
create a third variable, X X^. This variable is then entered (^into^thB regres 
sion eq'uation as another variable, and, if there is a significant interaction 
between trhe variables in tJaeir^ffect on the dependent variable, it will be 
evident in the sj.gnif icance test. The analysis used in this study, how- 
.ever, was dc^sip^ned te investigate the unique and common contributiorfs of the 
s'ets of variables on the dependent variable and nQ.t the interaction of these 
fnctors. ' ^ J 

O 

A third concern Is that son?^ of the commc^nalities can have negatiy^^ 
* * • . • " 

si;7,ns. Kp-rlingcn* and Pedhaxur (l^'/'J) stated that ne^ntive commonalities 



•can be obtatued in situatio?^s/v^;h'ere 'one of the variables is a suppressor, 
♦ ^ 

.or when correlations among inJependent variabiles - are ^negative Negative 

proportions of shared va^^iance among variables can be diff.icult to interpret. 

A fourth concern centers Ground the niimbcr of variables or sets to be 

included 'in analysis. UniqCte contributions are presented for^ach dependent 

variable or sets as well as- coiumon Qoi:\tribut>ons presented for every possible 

combination. If a great nuraber' of .variables or sets are osed, interpretation may^ 

'becoT!^ difficult and unwielding. , . ^ 

t ' ' • ' , 

RESULTS ' ' ^ 

The data wercy analyzed b>/ using the pfart itioning of varianCye ^technique 
^^tv^multipie regression to determine the unicjue and joint contributions of 
four sets of variables in the reading; achievement of -compcSnsatory education 
students *iu^hode Island. Separate -analys^^S^ere conducted /or Vocabulary 
and coru[)rehension scores. ' v ^\ 

Four sets of * variables ware included in the analyses. The background 
•set inclu'ded six variables. IX/o variables in the setV- type of community 
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and ethnic group - necessitated the construction of dummy variable coding 
for these indicators. The ,men\:a], ability set included two variables. The 
reading 'program set includtid thlrt(?en variables related t6 instructional 'and 
program elcmewts. The parental involvement set included six variables in the 
analysis. Sev^en variables, were initially intended to-be used; however, pre- •* 
lininary analyses indicated a high relationship between two - participation 
' of Parents Advlso-^^y" Committee' in the development of Tittle I api? Li cations and'< 

.review of Title I applications 'by Pdrents .Advisory Committee - about +.80; 

* ' * ^ • ! 

so arv addifional variable combining these two was constructed. . 

Vocabulary Analysis 

'Hie fir^ analysis uvj?; pt.>r f ornod ^ usin;-^. iW\ four sets specified above- 

with pofu.-tc'^t: vocabulary standard sror^-s as,, the dependent variable. The 

I 



' • - ■ • • • 

tQt^t amount' of ^^tKplaineJ varicinre accounted /or by the fyut; sqts of vari- 
ables was sixty percent** * ' • ^ *^ 

Backgi*'ound 'Set - ' • ' 

♦ * , • 

The unique contribution of th^ set of six background variables to the 

' • > / ^ . " • * 

variance of vocabulary scores was about seven percent. Th addition, the over 

lap variance, i.e., t^a^t variance shared jointly 'With ptTier sets wds aboiit 
ten^ percent. . , * • * ' 



Mental Ability Set - , • ^ 



ho uniqi^ coatributiort of the «et of two mental ability variables to 



the variance of voca^:)ulary ' scores was about thirteen percent. The overlap 

L - \ • 

variance assbo:iated with this se*t was about nine percent. * 



Prograa Se£ - ^ * » ^ , x. 

The unique contribution of the set of thirteen programrrelated vari- 
ables* to. the variance of vocabulary scores was about nine percent. In addi- 
tion, the overlap variartce^for this* set equaled about five percent. 

Parental Trtvolvement Set 7 

The unique contribution of the set of six parental involvement^ vari- 

ables to 'the variance in vocabulary scores was about nine percent. Also, 

I? • 

the over'lap Variance associated ^with this set was seven percent. *" * 

Only uniq^ie anS overlap contf ibwtions h^ve been mentioned here; how- 
ever, ;the complete *set of commonality coefficients are presented , in 'Table 1. 

Coinpre horisi on Anal vsiS' * * 'V 

The seco.ui analysis was performed using the , four sets of variables 
specif !tnl -anl pf^s{:-te"^t' comp r^ehension standard- scores as the' dependents vari-' 
ab 1 e . * 7 he t o I a 1 ataoun t e^:pl ained va I'i 'fnce accou'i'^c'ti FoV ' Ijy the. four se Ls 
o^ variahl^^^ w^is about farty-^^ix percent'. ~ ' . 



Background - 



The uaiquo , contribution \)f the set of six background variables to the < 
.variance* of coaprt^hensipn scores was about seven percent , while the overlap ^ 



variance associated with the background set Vas about four percent. 

' > ^ ♦ ' ' . ' ' ' ' / , . . 

Mental Ability Set ~ * " / ' ^ 

^ The unique contribution of the set of two mental ^ability variables , to 

the variance in comprehension scores was about 'tw<^t\ty-f ive p'ercent while ovej- 
» <■ > - ♦ » ^ ^ 

I'ap variance was about fojur percent. ^ 
Proi::;ram Set - ^ * ' . 

, . . ; ■ • . • / 

The^ "unic|ue contribution- of the set of thirteen, prop,ram-related vari-' 
aMes: to the' variance in comp rcheni^ ion scores was about five percent, while 

, ^ • V 

the overlap variance, wa^ slight,- about -4 p,ercent^ ■ ' ^ 



Parental* Involve inent Set - ' • * ^ ^ 

The unique contributiun of the set of six backp,roj<nd v^iriables to the 

variance in comprehension scores was about four percent. The -overlap 
. . ' / 

variance Was about «three percent."* 

I^/llile njnique ^nd ave r lap coat ribut ions have been presented here, the 
complete se^of coriHnonality coefficients for the comprehena>i on analysis are 
sho^vm in Table 2. > ^ ^ ^ \ ' . ♦ 

NEGATIVI- COMMONALITIES ' ' 
> ^ . — ^ • ' t ' 



, Iv/hen partitioning of variance technique is used^ thece exists the 
possibility of obtaining negative comn^onalities "that is, to obtain negative 
proportions' of' shared variance- Beaton (1974) stated chat tbe uniqu^ ele- 
inents ipust be non-^e ^ati-ve but the comr.on parts m iv be ^i^ther posifive , -neg^- 
^ive or^lyro. f^-* I so rv>-;ri loiv d ih.'j negative comfiioruiH ties are not usuTwLly 

^ . . * ' . . ■ \ 



A 



10- 



TABLE 1 

FKv^iliT/'GES or K;C{AL"t:D VXRlAIiCS: Or FOUR SI;To 
'of VA-RIABLiS Qil KFAUIiiO VOCABUL/x?Y 



AFTER PARTiaiOUIUG 



4^ 



Setc^ of Variables "y*' ~ ~ 



•Uriiqu^^ to Gt*t ^ > 

Ur\iquc to Set ?, 
'(flcntaL -Ability) 

Uniqu-^ t6 Sot 

Ual^^ic: to Sei/ , , 
(Parental Involver?.ent') 



.0689 



« 


CCi:.r^aa to Seto 
CoOTiOn to Sftu 


1 and '2 • 
1 aod 3 




• .0393 . 




Co-\~on *to Gets 


2 and 3 








•V Co-r.op. to Solo 


~ awd H 




.O5BO 




oOj^^.on to Set : 


> 2 ana 










> 3 and 1; ' 




« # 




Co'..o:i to o^:. 


; J , 2, .a:i.l 




.0031 






/l, 3, ar. : 










^ > > > ■ ^ f ^ 


> 






f . 


« 






# 












* • 

^ - - 


♦ 







.1313 



.0393 



.02?8 



\ 

.-0031 



.0867 



\ 



.O8U2 • * 
,6228 • • 

. .0530 



.0563 



.0900 .0900 

.0031 ■ , 
-.1003,; -.loa^ 



.c'.y! 



.01^)5' 



.0036 :•: --C'^3-3 



•1 /""I 







' ■ ■ > - - 11 


t - 

t 






• 




1 

• 




' ' ^ s . ^ 








tp/VLfT p ♦ . 
' 1 c 


• 


1 




K>*r.ATrf?:T) VARTAi:CE Of JPOUR SETS 


* 






O'l prtM)Tr:c5 coM?REHsriS*roN after 

\ 








P/ijRTXiiOuiiiO 




• 








' ^ Sets of Variables 






i 2 • ■' ' 3 ' 





' Unique to Set 1, 
. (Background) 

Unique to Set 2, ' 

^Mental Ability)^ ^ 

Unirjue to Se.t 3j, ' ■ • . 
(Pro£:;ram) * ' " 

Unique to Set li, 

' (??.re«tal Involv-ement ) 

Corhnoa. to Sets 1 and 2 

Common to Sets 1 and 3 

Copjnon^ to Sets' 2 and' "3* 

CoTjnon to Sets 1 and 

CorTuTon to Setti 2 and ^ ^ 

Coir^Ton to Sets 3 and ^\ 

/ Corru-non to Sets 1, 2^ and 3 

C6rinb'i to Setr, 1, 3, and I- 

^Co'^'-or _^to Sets 2, 3 anc! 5:.' 

Co:v eo S^-ts 1-^ 2 a^.d I ■ 

Co:"-/n. "O'Cc-ts 1,,2, 3 

:„_^ „ ,^ , \ 



.0682 



- / 



-.pQ73 
. -/0^8l • . 



-,.0059 
.0156 



. 0.020, 



.2511 



. 02!;2 
-.0059 
-.025^ 

.od2a 

.b2o9 



. -05l*T 



.Ol!;T ■ 

- -.0013 
.00l;2 H .001^2 



-.00,62 

-.0059 

t 

.015,6 

-.025^ 



.0289 



.o'U36 



-.0031 
.02!;2 
-.0062 . 

•.0x56 

r.025U ' 
. 0020 ' 
.0289- 



.?9^Ji 



. 0586 



-.0752 
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found in 'educational research. This st.itement may be a bit premature since 
partitioning of y.Jfiance tcthinque has been used in relatively few educational 
studies and has only recently boei) identified as a promsiag method un edu- ^ 

cational research. . » ' . * : 

The^results .of this study indicated som^/negative .commonalities , most 
jiotajbly a - .1003 valu^ 'for, the ^oint contributions . of the background, program 
and parental involvement sets in ohe vocabu\ary analysis. The , interpretation 
of negative comtnonalities is nut clear since the methodology is still in the 
developing stages., 

* « <j 

Negative co.Monalities are clearly possible in partitioning of vari7jnce. 

A hypothetical .example should make this evident! Assumethe two variabLe*^ase^ 

where' Variable A and Variable B are use to predict the ;^cri terion Variable C, . 

with the' following squared multiple correlations: R .50, R .00, ^ 

. 40 and R ^ = .60. To determine the unique contribution of variable 
AB • ' ABC 

A, tho< f(^lloVing formula could be used: , ^ ^ 

To determine the Vinique contribution$-of variable B, the following formula 
c(2.uld be usecit < ' 

\ ,"b = ^'ac-*-^\bc = --50-*--60= .10. ,. . ; ' 

The common* contribution of variables A and B could be determined by the 

follow^g forjrnrla: a* ' ^ 

■■C,,, = r\,^^:u;-U^=^60 - .60 -,i0 = -.10. 
The -~.10 value for C^^ represents ^a negative proportion pf shar(fd variance. " ^ 

Several authors (Nevman and ^Newman , 1975, Kerlinger and Pedhazur, 1973) 
acknowledge ^thls as a conceptual problorn yet offer little direction or ex-pla- 
nation to sol v.' t-'i^ fifficuUy. Other writers supply pore direction and in- - 
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Velc^.an (1975a) sugg«.*sted that in a situation li^ce the onti presented 
above a negative <::oanonality uQSults from a suppressor variable.^ A 
^ppre^or^^'ariable is related to another predt^dr variable yet unrelated 
to the criterion. In this way the variable suppresses the variance <ln 
Another predictor which is unrelated to the criterion. • The prediction of the 
criterion is increased by the inclusion of a suppressor variable into 

t 

the^ regression ecjuation. • 

• ^ Itie-- correlation matrix of variables was examined for ^indications of 
suppressor variables. Several instances of this type of relationship were 
fouad.- * > • 

^ Beaton (1973) and Veldraan (1975.b) have'also suggested ' that nega'tive 
commonalities can occur when correlations between i'ndependent variables 

or. sets of variables are negative. In this situation one variable or set 

/ 

actually confounds the predictive power. Beaton (197 3) gives an example 

*of a relationship of this type: 

"Both weight and speed are important to sTiccess -es a professional 
football player and each would be moderately correlated with a 
* ' measure of success in football. Weight and speed are presumable*' 

negatively negatively correlated and would have a negative conimonality 
^-9 in predicting success in football. If both weight and speed are 
• known, one would expect to make a much better prediction of success 

using both variables to select fast, heavy men rather than just 
'selecting the fastest regardless of weight or heaviest regardless 
of speed. Ti^^^^ the negative commonality indicates that explanatory 
power of either is greater when the other is used (Beaton, 1973, - 
p. 22)." ^ ' , . . 

-In order to shed some light on possible negative correlation between vari- 

.ablos within sets, the correlation mat^^ix was/again exariiined!! Examples of 

this type of relationship" v/e^re found to exist. . ^ 

• ^1 * 

-^For purposes of interpreting the negative confmonali tie^ found in this 

study several stateTP.-"*nts and cautions s/'ionld be nvide . 
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1) The coe^'ficients prt-senCed in Tables 1 knd 2 are' shown to the . 

' precision 'of four decimal poin\;s. -This. was dones?to indicate 

' *<* ' 
compleCe results and in the event that this type of precision would 

be useful to readers of this study; however, it is certainly de- . 

fensible tP, round off several of the coefficients. ' ' 

2) If this is done, itfany of the negative conimoualities presented 

in the tables become essentially zero. After rounding, no negative 

commonalities' appear for any second order combtnation, only in 

• * 

the third order joint contributions. , . ^ ** ' 

^ 3)^ Given the nature of A:he variable sets as well as some indications ^ 
^ from the correlation matrix that negative correlations between . 

some variables exist, -it is* the opinion of this writer that the 
negative commonaliti'es are more likfely to be -^ue to negative • cor- 
* relations between sets than in suppressors. In many cases variables 

in eacft set' of predictors were related positively to the deperident 
" variables but negative correlations bet?weeji v*ariables in different 
sets existed. ^ * . . ' 

4) IThen interacting * tables , ^Veldman (1975b) suggested that when 

c 

negative commonalities are obtained, the inde|)endent c'ontributions 

of the sets or variables involved are collectively overestimated. ' 

> 

5) Perhaps as educational Models become better defined, the occurrence 

of negative commonalities will diminish. How^eve^, as cormmonality 

analysis is increasingly utilized^ further .research and guidelines ' 

on interpretation of these scores should be d^eveloped. " \ 

* 

In conclusion, this investigation ut^Llized a newly developed methodo- 

logy, commonal itry -sjaalyslb , In a school effects study'. The .^technique' 

\ ■ ■ - . . . 



provided •several advantages over more, traditional types of-analysis and 
proved highly satisfactory i'n the sttjdy. ' Negdtivi2 comrnonalities were ^ 
encountered in thi^nalysis and attempts were made to. adeqii^ely interpret^ 

V ^ * * * * 

the valueV. With some further developmental wock the metho^ should prove 
to ^be of benefit in future educational research ventures. 
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